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side of rotor blades 
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The section comprises a turbine wheel (2) and ^jide cascade (5), the 
nozzle vanes (8) of which have a bevel on the trailing edge (9)Wde of 
the rotor blades (10) in the zone of . the inlet section. The bevel 
smoothly joins the nozzle vane (8) along its length, and the vanes (8) 
within the limits of the bevel (12) are manufactured with a variable 
profile. 

The presence of the bevel on the trailing edge section of the nozzle 
vanes (8) provides shock-free leak-in of the primary flow and with 
above-shroud leakage, energy losses are reduced owing to 
elimination of flow separation. 

USE/ADVANTAGE > Steam and gas axial turbines operating in 
heat and atomic energy producing plants. Mechanical efficiency of 
the turbine is increased. Bui. 41/7.11.90 (7pp Dwr.No.1/10) 
N91152659 . 
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. rOCXaAPCTBEHHyPl KOMMTET 
no M30BPETEHM51M M OTHRbTTM^lM 
nPM FHHT CCCP 

OnMCAHME M30BPETEHMF1 

K ABTOPCkOMY CBMAETEnbCTBV 



(21) 4629202/24-06 

(22) 02.0i.8S 

(46) 07.11.90. Bioji. No 41 

(71) npOH3B0ACTBeHHoe od-be/iHHeHHe aroM- 

HOrO Typ60CTpoeHHn «XapbKOBCKHH Typ6HHHblH 
33BOJX» HM. C. M. KnpOBa H XapbKOBCKHH 
nOJIHTeXHHMeCKHH HHCTHTyr HM. B. H. .HCHKHa 

(72) A. R, KaHTCMKp, B. Jl. FpOiXSHHCKHH, 
B. M. OpoyiOB, fO.. O. KOCHK, 

B. lO. Ho(|)(t)e H B. R, XaHTOB 

(53) 621.438(088.8) 

(56) AsTopcKoe cBHAerejibCTBO CCCP 
No 1154488, k;i. F 01 D 5/14, 1983. 

(54) OTCEK OCEBOH TyPBOMALUHHbl 

(57) HaoSpeTCHHe othochtch k Typ6ocTpoe- 
HHK), B qacTHOCTH K ocesbiM napoBUM H ra> 

30BbIM Typ6HHaM, MO>KeT 6bITb HCnOJIbaOBBHO 

B cTyncHHx AaBJicHHH MHorocTyncHMaTbix oce- 

BWX Typ6HH AJIH TenilOBblX .H arOMHbiX 3JieK- 

TpocraHUHH H no3BOJiHeT noBbiCHTb KUR ryp- 
6oMaiijHHU. OtceK coAep)KHT nocneiioBaTejibHO 
ycTaHOBJ]eHHbi€ b Kopnyce I pa6o4ee KOJie- 
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CO 2 H HanpaBJiHK)myio peujeiKy 5, conjioBwe 

JiOnaiKH 8 KOTOpOK BbinO/lKCHbl CO CKOCOM 12 
CO CTOpOHbl BblXOAHblX KpOMOK 9 pa60MHX JIO- 

naroK 10 b sohc BxoAHoro yqacTKa. Ckoc 12 
njiaBHO conpH>KeH c JionaxKOH 8 no ee /uihhc ?, 
a jionaiKK 8 b npe^caax CKOca 12 ebinojiHeHbi c 
nepeMeHKbiM npod)SLneM. Ckoc 12 MO>KeT 6biTb 
BwnoJineH Ha nepH(J>epHH 14 Ha paccroHHHH 16 
OT BHyrpeHHCH pajaHajibAoft noBepxHocxH 17 
o6oAa 7, cocraBJiHiomeM 0,05 — 0,1 ajihhw jio- 
naTKH 8, a TaK>Ke no Bcefi /uihhc f vionaTKH 8, 
npH 3T0M yroji CKOca 12 MO>KeT 6biTb nepe- 
MeHHbiM. HajiHMHe cKoca Ha BbixoAHOM ynacTKe 
conjiOBfaix ^onaxoK 8 noaBOJiner o6ecneqHTb . 
6e3yiiapHoe HareKaHHe noxoKa paCouero xeia, 
BbixoAHuiero h3 pa6oHero KOJieca 2. 11 pw 6e3- 
y^apHOM HareKaHHH ocHOBHoro noTOKa h HaA- 
6aHAa>KHOH npoxcMKe cHH>KaioxcH noxepH snep- 
FHH H3-3a HCK^iJOHCHHyi oxpMBa ooxoKB H 6ojiee 
noyiHoro Hcno;ib30BaHH« aneprHH HaA6aHiia>«- 
HOH npoxeHKH, qxo noBbiuiaex KFIZI, nanpaB- . 
jifljomeH peiiiexKH 5 h xyp60MaiiJHHbi b ucjiom. 
4 3. n. (})-;iu,10 hji. 
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HaoOpeTeHne othochtch k Typ6ocTpoeHHio, 

B MaCTHOCTH K OCCBblM napOBbIM H ra30BbIM 

TVpOHHaM, H MO/KeX 6blTb HCnOJl bSOSaHO B KOK- 

crpyKUHflx CTyneHCH iiaB.neHH« MHorocTynen- 

HBTbiX Typ6HH ilJlH atOMHblX H TCn/IOBblX BJICK- 
TpOCTaHUHH. 

Uejib H3o6peTeHM« — nosbiuieHHe 3koho- 
MHHHOCTH Typ6oMamMHbi 6e3 CHH>KeHHH ee HB- 

AOKHOCTH 33 CMCT yMeHbUieHHH nOTCpb, B03- 

jiOBue jionaTKH HanpasJiHioiMeH peujexKH kbk b 
30He crpyH Haii6aH;ia>KH0H nporcMKH, raK h no 

BCeH flJIHHe JlOnaTOK, WMeiOmHX HKOpHblH 

yqacTOK. 

Ha (j)Hr. 1 npeACTasjieHa cxeMa oiceKa ryp- 
eoMaiDHHW c con;iOBbiMH JionaxKaMH co ckocom 

Ha nepH(t)epHH; Ha ^nr. 2 — jiHarpaMMa pac- 
npeAejieHHH yrjioBdC2 Ha6eraiomero noTOKa no 
A/iHHe ki^/ionaxKH b ceqeHHAx A-A, B-B, B-B» 
TT Ha ipur. 1; Ha (})Hr. 3 — npo(})HJiH con- 
jiOBbix JionaroK b ceqennnx A-A, B-B, B-B 
H r-r Ha (t)Hr. I; na (^ar. 4 — con;iOBaH Jio- 

naXKa B aKCOHOMCTpHH CO CKOCOM, BbinOJlHCH- 

HbiM Ha nepH(})epHH; na (j>Hr. 5 — npo(})HJiH con- 
/lOBbix jionaroK co ckocom BXOiiHoro yqacTKa, 

BbinojuieHiibiM CO cropoHbi Kopbira zijJH j]0- 

naiKH C YAJlMneHnblM BXOilHbIM yMBCTKOM; Ha 

(pHr. 6 — TO >Ke, ^onaTKH c HopMajibHbiM 
BxoAHbiM yMacTKOM; Ha (j)Hr. 7 — npo(})H;ib con- 
jiOBOH JionaxKH CO CKOCOM, BxoiiHoro yqacTKa, 
BbinojiHeHHbiM CO CTopoHbi chhhkh; Ha (})Hr. 8 — 
conjiOBan jionarKa co ckocom, BbinoJiHeHHbiM no 
BceH juinwe c yrjioM cKOca nocxoHHHUM no 
AJiHHe, aKcOHOMexpH^; Ha <})Hr. 9 — to >Ke, c yr- 
;i0M cKoca (90— a) °, nepeMCHMbiM no ajihhc 
jionaxKH; na (j)Hr. 10 — conjiOBan ^natKa co 

CKOCOM, BbinOJlHeHHblM CO CTOpOHbl KOpblTa 
(BepXHHH MaCTb) H CO CTOpOHbl CnHHKH (BHHSy)^ 
aKCOHOMCTpHH, 

Otcck OCCBOH . Typ60MailIHHbl CO^epiKHT 

nocjieAOBaTCJibHO ycTaHOB/iCHHbie b Kopnyce 1 
pa6oMee KOJieco 2, nepH(})?pHHHoe ynjiOTHenHe 3 
KOToporo HMeeT cy>KeHHn 4, h HanpaBJiHwmyK) 
pemcTKy 5, Me>KAy tcjiom 6 h 66oaom 7 koto- 
poH aaKpenJiCHbi conjiOBbie (HanpaBJiHK)mHe) 
/lonaTKH 8. Ka>KAaH jionaTKa 8 co cTopoHbi 

BblXOAHblX KpOMOK 9 paSoMHX JIOnaTOK 10 B 

30He BxonHoro yqacTKa 1 1 BunoJiHena co cko- 
com 12, KOTopbiH njiaBHO conpH>KeH c npo- 
(t)HJieM 13 conjioBOH jionaxKH 8 no ee jimne t 
Con;ioBbie AonaTKH .8 b npe^ejiax CKOca 12 
BbinoJiHeHbi c nepeMeHMbiivi npo(j)HJieM 13. Ckoc 
12 no nepH(J)epHH (nepH({)epHHHOH mbcth) 14 
BbinOJlHCH CO CTOpOHbl KopbiTa .15 Ha paccTO«- 
HHH 16 or BHyxpeHiieH pajiHajibHofl noBepx- 
HOCTH 17 o6oAa 7, cocTaBJiHK)iueM 0,05 — 0,1 
iUiHHbi B conjiOBofl JionaTKH 8. KacaTCJibHan 
k cKocy 12 B TOMKC ero nepeceMenHH c bxoahwm 
yqacTKOM 1 1 oSpasyeT c oceBWM HanpaB/ie- 
HHCM 18 yroji, n/iaBHO HSMeHHKjiuHHCH no 
AJiHMC i ox (90 — a)° B HaMayie (ceMCHHC A-A 
AO --0° B KOHue (ceMCHHe B-B) CKOca 12. 
YroJi a B ceMCHHH A-A yAOBJiexBopnex ycjio- 

BHK) 0,3^sm«£\/z^0,7, me z — kojimmcctbo 
cy>KeHHH 4 nepH(t)epHHHoro ynJiOTHenwH 3 pa- 
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6oMero Ko;ieca 2. B pa6oHHX Ko;iecax 2 6e3 
6aHAa>Ka 19 aejiHMHHa z=l. 

HHmHHH npCAe.T COOTBexCXByeX KOpOTKHM 

CTyneHTiM c oxHomcHHeM cpcAHero AHaMexpa D 
K AAHHe I JionaTKH 10, paBHoro 30 c peaKTHB- 
HocTbK) 0,05— 0»l. a BepxHHH npcACJi — CTyne- 

HHM C D/fi%;5— 7 C peaKTHBHOCTbK) 0,3—0,4. 

BbixoA 33 yKa3aHHbie HHTcpBajibHue snaqe- 

HHfl npHBOAHT K CHH>KeHHI0 3(J)(j)eKTHBH0CTH 

OTceKa (cxyneHH) H3-3a HecooTBeTCTSMS yrJiOB 
HaTCKaHHH noTOKa H yrjiOB bxoahux yqacT- 
KOB 1 ! JionaTOK 8. 

Ha nepH4)epHH 14 npoTH>KeHHOCTbK) 0,05 — 
0,1 OT AAHHW i!.AonaTKH 8 yro^i Ha6cr3S0- 
mero nOTOKa ((|)Hr. 2) onaBHO HSMfeHHeTCH ot 

^5:^160** B CeMeHHH A-A AO WQC* B OCHOBHOM 

noTOKB (b ceneHHH B-B). noaroMy ckoc 12 bu- 
nojiHCH na nepH(j)epHH 14 (b ceqcHHHX A-A, 
B-B, B-B) c nepeMeHHhiMH no Bbicore yrjia- 

MH (90— a) °. 

PacCTOHHHe (npOTH>KeHHOCTb) CKOCa 12 

20 Ha nepH(}>epHH 14 oSyc^ioBAena tcm, mto na 
Hero HaTCKaeT cTpya HaA6aHAa)KH0H npoxCMKH 
paGonero/' xejia JiocJie pa6oMero KOJieca 2. 
Hh>khhh npeACJi (0,05) cooTBCTCTByeT . CT>Tie- 
HflM D/?^5=;5— 8, a BepxHMH (0,1) cTyneHflM c 
D/i^3Q—4Q. OrK.noHeHHe ox AaHHhJx 3KaMe- 
HHH npH BbinojiHeHHH CKoca 12 Ha nepH4)e- 
pHH 14 npHBOAHT K HecoBnaACHMK) yrAOB Ha- 
TeKaHHH noTOKa npoTeMKH h bxoahux yrjiOB jjo- 
naTOK 8. 

Ckoc 12 MO>Kex 6biTb Bbino/iHeH ne TOJibKO 
30 na nepHct)epHH 14, ho h no bcch AJiHae E JionaT- 
KH 8 KaK CO CTopoHbi KopwTa 15 ((J)Hr. 8 h 9), 

XaK H CO CTOpOHbl CHHHKH 20 ((J)Hr. 7). 

TaKoe BwnojiHeHHe HanpaBJiHwmefl peiuer- 

KH 5 uejiecoo6pa3HO b tom cjiy^ae, KorAa ne- 
peA Hefi pacnoAO>KeHa cTynenb c HeonTHMa;ib- 
35 HbiM OTHomeHHeM U/Co h yrJiOM BbixoAa noTO- 

Ka, 3HaMHTeJIbHO 0TKJ10HHK)mHMCH OT OCeBOFO 

. HanpaBJieHHH 18 b oAHy hjih Apyryn) CTopony. 
KpoMe Toro, ckoc 12 M0>KeT 6biTb BwnoJi- 

HCH OAHOBpeMCHHO H CO CTOpOHW KOpblTa 15 Ha 

nepH(J)epHH 14 h co cTopoHbi cnHHKH 20 y Kop- 

HH (b KOpHCBOH MaCTH) JIOnaTKH 8 ((J)Hr. 10). 

3tot BapnaHT HanpaBJiHK)meH peiueTKH 5 
uejiecoodpaacH b tom cjiyqae, KorAa nepeA 
Hen pacnoj[io>KeHa CTynenb c yMCHbLuenHbiM 

rpaAHeHTOM peaKTHBHOCTH 3a CHCT «06paTH0H» 

45 aaKpyTKH h naBajia conjiOBbix jionaTOK 8. 3a 
TBKOH cTyneHbK) yroA noTOKa na nepH({)epHH 
14 6ojibiije 90°. a y KopHH MCHbUje 90**. FIpH 

3T0M CKOC 12 M0>Kex 6b!xb BbinojiHCH c nepe- 
MCHHbiM no AJiHHC jionaxoK 8 yrjiOM Me>KAy Ka- 
caxejibHOH K cKOcy 12 b xomkc ero nepeceMenHH 
c BXOAHbJM yqacxKOM II h occBbiM HanpaB- 
jiCHHCM 18 pemexKH 5. TaKoft BapnaHT na- 
npaBJiflKjaien peiucTKH 5 uejiecoo6pa3eH b tom, 
cAyMae, KorAa nepCA hch pacnoAO>KeH OT6op 
(He noKasan) pa6oMero TCJia, o6ycAOBAHBaK)- 
uimi paAHajibHyK) nepaBHOMepnocTb napaMBT- 
poB (nepaBHOMepnocTb yrAOB noTOKa no a/ih- 
ne t JionaTKH 8). 

Otcck occboh TypGoMaujHHbi pa6oTaeT cAe- 
AyK)mHM o6pa30M. 
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rioTOK pa6oMero re/ia, buxoahiuhk h3 pa- 
6oMero KOJieca 2, Hweer nepeMCHHbiH no buco- 
re t yionsTKH 8 (no Bwcore paGoMCH Jionar- 
KH 10) yTo;i a 2 (4>Hr. 2). HajiHMHe CKOca 12 
na BxoiiHOM ynacTKe 1 i conjiOBWx jJonaroK 8 
no3Bo;jfleT noAcrpoHTb hx BXOAHyio nacTb 
(bxoahoh yqacTOK) 1 1 noA eeayAapnoe Haie- 
KaHHe noTOKa. 3to noaBOJiflex cHHSHTb norepH 
SHeprHH, nocKO/ibKy H3-3a oTcyrcTBHn yiiapHO- 
ro HareKaHHR He npoHcxoAHT orpuB noroKa. 

i>C3iV50>fCHO riCiiCTpaMBaTLf JiCnSTKy o iTGa 

6e3yAapHbiH bxoa Ha6eraiomero Ha Hee noroKa 
TipH cHJibHOM MecTHOM H3MeHeHHH ero yPJIOB, 
HTO HMeer mccto. HanpHMep, b 30He HaA6aH- 
Aa>KHO>i hpoTCMKH. OCTCKaHHe jionaroK 8 npo- 

HCXOAHT C 60Jiee nOJlHblM HCnO^bSOBaHHCM 

SHcprHH cTpyH HaA6aHAa>KH0H npoTCMKH npH 
yMeHbiueHHH norepb or HepacqejHoro HarcKa- 
HHH no Bcefl juiHHe t JionaroK 8. a TaK>Ke He 

TOJlbKO CO CTOpOHbl CnHHKH 20, HO H CO CTOpOHbl 

Kopura 15. mto noBbiuiaeT KUJX Hanpaa^flK)- 
uxevi peuicTKH 5, orceKa h bcch TypCoMaiuH- 
Hbi H no3Bo;ineT no^yMaxb AonojiHHTejibHyio 
MOiuHocTb H, cneAOBaiejibHO, Bbipa6aTbiBaTb 
AonoJiHHTejibHyio 3^eKTpo3HeprMK). 

4>opMyAa usoopeieHUH 

\. OrceK occBOH rypSoMarnHHU, coAep>Ka- 
lUHH oocJieAOBaTenbHo ycraHOBJieHHbie a Kopny- 
ce pa6oMee KOJieco, nepM(J)epHfiHoe ynjioTHe- 
HHe KOToporo HMeer cy>KeHHH, h HanpaBJinio- 
myio peujexKy, Me>KAy xejioM h o6oaom koto: 
. pofl saKpenjieHbi conjioBbie JionarKH, Ka>KAaH hs 



KOTOpUX CO CTOpOHbJ BWXOAHblX KpOMOK pa- 

6oMHx JionarOK BhinojiHCHa co ckocqm, conpa- 

>KeHHbJM C npO(t)HJieM, HMCIOIUHM CnHHKV H KO- 

phiTO, OTyiuHatomuucn tcm, mto, c uCHbio no- 

5 BUUieHHH 3K0H0MHMH0CTH Typ60MaUJHHbl C COn- 

JiOBbiMH JionaTKaMH, BXOAHOH yqacTOK Jiona> 

TDK BbinO;iHeH CO CKOCOM. KOTOpblH HJIBBHO CO- 

npH>KeH c conjiOBOH /lonaxKoA no ee RAme, a 
conjioBbie JionaTKH b npcAe/iax CKOca BbinojiHe- 
_ Hw nepCMeHHoro npo(t)H;ifl. 

wiCCK iiO a. I, Oi JtuHUfOU^UuCH TCM, 4Tu 

CKOc BbinojiHen no nepH())epHH qo CTopoHbi ko- 
. phira Ha paccroHHWH or BHyrpeHHeft paAHajib- 
HO A noBepxHOCTH o6oAa. cocraBJiHiomeM ot 
0,05— 0 J AJiHHbi conJiOBOH jionaTKH, a Kaca- 

15 TiBJibHaH K CKOcy B TOMKe ero nepeceneHKH 
c BXOAHbiM yqacTKOM o6pa3yeT c oceBbiM Ha- 
npaBJieHHCM yroji, njiasHO hsmchhioluhhcr no 
A^HHC jionaTKH OT (90— a)° b HaMa;ie ao '^0** 
B KOHue cKOca, npH 3tom yroji a yAOBJiCTBO- 
p«eT ycnoBHio 0,3<sirfeL\?<0.7, fac z — ko- 

20 ;iHMecTBo cy>KeHHft nepH(})epHMHoro ynAOTHCHHA 
paSoMero KOJieca. 

3. OrceK no n. 1, oTAunafomuucH reM, mto 

CKOC BbinOJlHeH CO CTOpOHbl KOphlTa H.TH CRHH- 

KH no BceH R.nmie conjioBOH .nonajKH. 
75 4. Otcck no n. 1, orAUHafoi^uucH tcm, mto 
CKOC no nepH(t)epHH h y KopHH Buno./iHeH co- 

OTBerCTBeHHO CO CTOpOHbi KOpbira H CnHHKH. 

5. OrceK no nn. I, 3 h 4, otauhuiou^u&cr 

reM, MTO CKOC BbinojiHCH c nepeMCHHWM no 

A^HHe JionaTKH yMOM MOKAy KBCareJlbHOH K 

30.CKOcy B TOMKe ero nepeccMeHHH c BXOAHbiw 
yqacTKOM h oceBbiM .nanpaBJieHHeM. 
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